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(57) ABSTRACT 

An alignment mark mask element protects an underlying 
alignment mark during subsequent processing of a fabrica 
tion substrate. The alignment mark mask element is formed 
concurrent With formation of a photomask from a dual-tone 
photoresist that exhibits a pattern reversal upon exposure to 
an energy level. A portion of the dual-tone photoresist above 
the alignment mark is exposed to an energy su?icient to 
reverse a positive tone resist to a negative tone, Which remains 
above the alignment mark after developing. The remainder of 
the dual-tone photoresist is exposed through a reticle at a 
lesser energy level and patterned to de?ne aperture locations 
of a photomask for formation of semiconductor device fea 
tures. In addition, a photomask for use on a fabrication sub 
strate and an intermediate semiconductor device are dis 
closed. Methods of forming a photomask and an intermediate 
semiconductor device structure are also disclosed. 
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USE OF A DUAL TONE RESIST TO FORM 
PHOTOMASKS AND INTERMEDIATE 

SEMICONDUCTOR DEVICE STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 10/897,165, ?led Jul. 22, 2004, pending, Which is a 
divisional of application Ser. No. 10/219,168, ?led Aug. 15, 
2002, now US. Pat. No. 6,815,308, issued Nov. 9, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to forming an align 
ment mark mask element over an alignment mark on a semi 
conductor substrate. More speci?cally, the present invention 
relates to using a dual-tone photoresist to form the alignment 
mark mask element in conjunction With a photomask from the 
same photoresist material, thereby enabling semiconductor 
device features to be formed up to a peripheral edge of the 
alignment mark Which is protected by the mask element. 
[0004] 2. State oftheArt 
[0005] To fabricate an integrated circuit on a semiconduc 
tor substrate such as a Wafer, multiple layers of conductors 
and insulators are patterned and formed upon one another. In 
order to preserve circuit continuity, it is critical that each layer 
is aligned to a previous layer With great precision and accu 
racy. The alignment of layers is conventionally accomplished 
using a Wafer stepper. The Wafer stepper transfers a desired 
pattern situated on a reticle or mask onto a layer formed on the 
semiconductor Wafer. In a typical alignment operation, the 
semiconductor Wafer is coated With a transparent photosen 
sitive material, such as a photoresist, and loaded into the 
Wafer stepper. The Wafer stepper uses an alignment mark on 
the semiconductor Wafer as a reference point to adjust the 
position of the reticle over the semiconductor Wafer to pre 
cisely align the reticle to the previous layer on the semicon 
ductor Wafer. The alignment mark is also referred to as a 
“?ducial mark” or a “combi mark.” 

[0006] The Wafer stepper uses a laser beam With a ?xed 
Wavelength to sense the position of the alignment mark on the 
semiconductor Wafer. Light from the laser beam is re?ected 
off the alignment mark to create a diffraction pattern. The 
diffraction pattern from the alignment mark is re?ected to 
sensing devices in the Wafer stepper and is used as a Signal to 
indicate the exact position of the alignment mark. The signals 
are analyZed and used to determine the position of the align 
ment mark. The alignment mark on the semiconductor Wafer 
is then aligned With corresponding marks on other layers, 
such as a photomask. 

[0007] Referring to FIG. 1, an alignment mark 5 is formed 
by etching a semiconductor Wafer 10 to create a trench or 
plurality of trenches or grooves in a surface of the semicon 
ductor Wafer 10. The trenches or grooves of the alignment 
mark 5 are typically formed in knoWn areas of the semicon 
ductor Wafer 10 and have a knoWn pattern, orientation and 
spatial relationship. As illustrated in FIG. 1, the alignment 
mark 5 is usually formed along a peripheral edge of the 
semiconductor Wafer 10 or near scribe lines that separate 
locations of semiconductor dice 15 on the semiconductor 
Wafer 10. The trenches or grooves of the alignment mark 5 
create a difference in step height in the semiconductor Wafer 
10, Which is detected When the laser beam is re?ected off the 
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alignment mark 5 or a layer thereover. Integrated circuits of 
the semiconductor dice 15 are typically not formed on or near 

the alignment marks 5, thereby making these portions of the 
semiconductor Wafer 10 Wasted space or “real estate” on or 
immediately adjacent to Which semiconductor dice 15 cannot 
be formed. 

[0008] After the indicia of the alignment mark 5 have been 
etched into the semiconductor Wafer 10, additional layers of 
material are deposited to form the desired integrated circuits 
elseWhere on the substrate, the layers also incidentally being 
deposited over alignment mark 5. These additional layers are, 
in turn, patterned and etched to form ?eld isolation regions, 
polysilicon conductors, or interlayer dielectrics on the semi 
conductor Wafer 10. Depending on the material composition 
of these additional layers, the alignment mark 5 can become 
optically invisible When additional layers are deposited over 
the alignment mark 5. HoWever, since these additional layers 
are typically deposited conformally, the step height of the 
alignment mark 5 is transferred into the subsequently depos 
ited layers. Therefore, the transferred alignment mark 
remains optically visible and may still be used for alignment 
purposes. In addition, some of the additional layers are opti 
cally transparent and, therefore, the alignment mark 5 
remains visible through these layers. 
[0009] Integrity of the alignment mark is commonly 
adversely affected during subsequent processing steps. For 
example, the alignment mark or transferred alignment mark is 
damaged by abrasive polishing techniques such as chemical 
mechanical polishing (“CMP”). CMP techniques are not tight 
controlled at the edges of the semiconductor Wafer, Where the 
alignment marks are located, because no integrated circuits 
are located there. Therefore, it is common to overpolish When 
using CMP techniques and to remove portions of the semi 
conductor Wafer in Which the alignment mark is formed. In 
addition, CMP techniques may remove the alignment marks 
or ?atten the edges of the alignment marks so that the neces 
sary re?ection off the alignment mark by the laser beam is not 
obtained. 

[0010] Various solutions to recover or repair damaged 
alignment marks have been proposed. See, for example, US. 
Pat. No. 6,290,631 to Chu et al., US. Pat. No. 6,261,918 to 
So, US. Pat. No. 6,271,602 to Ackmann et al., US. Pat. No. 
6,368,972 to Maury et al., and US. Pat. No. 6,350,658 to 
Miraglia et al. In addition, solutions to protect the alignment 
marks have been proposed. In both US. Pat. No. 6,342,426 to 
Li et al. and US. Pat. No. 6,326,278 to Komuro, a photoresist 
layer is formed on an underlying conductive layer, Which 
extends over an alignment mark. The photoresist is patterned 
for etching of the conductive layer and to leave a protective 
metal layer portion over the alignment mark. 
[0011] US. Pat. No. 6,417,076 to Holscher et al., assigned 
to the assignee of the present invention and the disclosure of 
Which is incorporated herein by reference, discloses an 
approach to protecting alignment marks by depositing a glob 
ule of protective material over the alignment marks and, in 
some instances, at least partially over conductive patterning 
adjacent an alignment mark to protect same. 

[0012] It Would be desirable to form an alignment mark 
mask element over the alignment mark in the course of form 
ing a photomask so that the alignment mark is protected from 
damage by subsequent processing steps. In addition, it Would 
be desirable to reduce the Wasted space on the semiconductor 
Wafer and to increase the number of semiconductor dice that 
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is formed per Wafer by enabling formation of semiconductor 
device features, such as integrated circuits, in closer proxim 
ity to alignment marks. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention relates to a method of forming 
an intermediate semiconductor device structure. The method 
comprises providing a fabrication substrate such as a semi 
conductor Wafer or other bulk substrate having a layer of 
semiconductor material thereon and comprising at least one 
alignment mark. A photoresist layer is applied over the fab 
rication substrate. The photoresist comprises a dual-tone 
resist that reverses ?r a positive tone to a negative tone upon 
exposure to radiation of an appropriate Wavelength and 
energy level. Selected portions of the photoresist layer 
applied to the Wafer are exposed to radiation of an appropriate 
Wavelength at a ?rst energy to de?ne the location and shape of 
semiconductor device features at a plurality of semiconductor 
device locations on the fabrication substrate. Only the portion 
of the photoresist layer above the alignment mark is then 
exposed to radiation of an appropriate Wavelength at a sec 
ond, different energy. The photoresist layer is then developed 
so that the portion of the photoresist exposed to the second 
energy remains over the alignment mark to form a protective 
mask element While the portions of the photoresist exposed to 
the ?rst energy are removed during developing, resulting in 
apertures in the photomask. 
[0014] A photomask for use on a fabrication substrate is 
disclosed. The photomask is formed from a photoresist layer, 
Which is selectively exposed to radiation and developed to 
respectively de?ne and form apertures at selected locations. 
The apertures are con?gured to facilitate etching of desired 
locations of an underlying material layer to form semicon 
ductor device features or portions thereof. Some of the aper 
tures of the photomask may be placed at locations Which 
extend to an outer periphery of the fabrication substrate and 
Which are not used conventionally for fabrication of semicon 
ductor dice. At least one alignment mark mask element is 
positioned to substantially shield a region of the underlying 
material layer Which is located over an alignment mark on the 
fabrication substrate. The portions of the material layer Which 
are exposed through apertures in the photomask, including 
those located adjacent to the alignment mark, may be etched 
to a location substantially adjacent a peripheral edge of the 
alignment mark, Wherein at least one of the apertures may 
extend substantially to a peripheral edge of the alignment 
mark mask element. 
[0015] An intermediate semiconductor device structure is 
also disclosed. The intermediate semiconductor device struc 
ture comprises a fabrication substrate having at least one 
alignment mark, at least one material layer over the fabrica 
tion substrate, and a photomask over the at least one material 
layer. The photomask comprises apertures located over at 
least a portion of the photoresist layer. The apertures are 
con?gured to facilitate etching of selected locations of the 
material layer. The photomask also comprises at least one 
alignment mark mask element that is positioned to substan 
tially shield an underlying alignment mark on the fabrication 
substrate Without shielding portions of the underlying mate 
rial layer closely adjacent to the alignment mark. These 
unshielded portions of the material layer may he etched 
through apertures in the photomask placed immediately adja 
cent to a peripheral edge of the alignment mark to form at 
least portions of semiconductor device features from the 
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underlying material layer. Accordingly, at least one of the 
apertures may have a boundary substantially at a peripheral 
edge of the alignment mark mask element. 
[0016] In addition, a semiconductor device structure is dis 
closed. The semiconductor device structure comprises a fab 
rication substrate having at least one alignment mark and at 
least one semiconductor device feature on the fabrication 
substrate. The at least one semiconductor device feature abuts 
a peripheral edge of a coplanar material layer located over the 
at least one alignment mark. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0017] In the draWings, Which illustrate What is currently 
considered to be the best mode for carrying out the invention: 
[0018] FIG. 1 illustrates a prior art semiconductor Wafer 
having alignment marks located along the periphery thereof; 
[0019] FIG. 2 shoWs a fabrication substrate according to the 
present invention, Wherein semiconductor device locations 
are placed in close proximity to the alignment marks; 
[0020] FIG. 3 is a representation of an exemplary alignment 
mark; 
[0021] FIG. 4 shoWs a portion of a photomask formed in a 
clear?eld pattern into a protective mask element by reversing 
a photoresist layer from a positive tone to a negative tone; 
[0022] FIG. 5A is a representation of a precursor to an 
intermediate semiconductor substrate of the present inven 
tion; 
[0023] FIG. 5B is a representation of ?rst portions of a 
photoresist layer of FIG. 5A being exposed through a reticle 
to a ?rst energy; 

[0024] FIG. 5C is a representation of a second portion of the 
photoresist layer of FIG. 5A being exposed to a second, 
different energy; 
[0025] FIG. 6 shoWs an exemplary photomask and an inter 
mediate semiconductor substrate according to the present 
invention; and 
[0026] FIG. 7 is an exemplary semiconductor device struc 
ture according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] The present invention relates to using an alignment 
mark mask element to cover an alignment mark on a fabrica 
tion substrate such as a semiconductor Wafer or other bulk 
substrate comprising a layer of semiconductor material. The 
term “bulk substrate” as used herein includes not only silicon 
Wafers, but silicon on insulator (SOI) substrates, silicon on 
sapphire (SOS) substrates, epitaxial layers of silicon on a base 
semiconductor foundation and other semiconductor materi 
als such as silicon-germanium, germanium, gallium arsenide 
and indium phosphide. The alignment mark mask element 
protects the underlying alignment mark during subsequent 
processing of the fabrication substrate. The alignment mark 
mask element is formed from a dual-tone photoresist that 
exhibits a pattern reversal upon exposure to radiation of an 
appropriate Wavelength and energy level. Portions of the 
dual-tone photoresist may be exposed to radiation of an 
appropriate Wavelength to de?ne aperture locations in the 
photomask for subsequent etching of semiconductor device 
features. Another portion of the dual-tone photoresist above 
the alignment mark is exposed to radiation of an appropriate 
Wavelength and of a different energy level to reverse the 
positive tone of the resist to a negative tone. Using the align 



US 2008/0251951 A1 

ment mark mask element to protect the alignment mark 
enables semiconductor device features to be formed in a layer 
of material very close to a peripheral edge of the alignment 
mark. 

[0028] A method of forming an intermediate semiconduc 
tor device structure is disclosed. The method comprises pro 
viding a fabrication substrate having at least one alignment 
mark. As shoWn in FIG. 2, a fabrication substrate 100, such as 
a semiconductor Wafer or other bulk semiconductor substrate, 
may comprise multiple semiconductor device (such as die) 
locations 105 that are arranged in a grid pattern of roWs and 
columns. The fabrication substrate 100 also includes align 
ment marks 110, Which may be located near the periphery of 
the fabrication substrate 100. Integrated circuits are formed 
on the semiconductor device locations 105 using, among 
other semiconductor device fabrication techniques, photo 
lithographic processing as knoWn in the art. Photolitho 
graphic processing may be performed on multiple semicon 
ductor device locations 105 at a time, depending on the reticle 
or mask that is used to expose a photoresist layer formed on 
fabrication substrate 100. For example, the exposure step is 
performed on approximately tWelve to tWenty semiconductor 
device locations 105 at a time, after Which the reticle is shifted 
to a different group of semiconductor device locations 105, 
Which shifting continues until exposure of the entire fabrica 
tion substrate 100 is completed. 
[0029] As depicted in FIG. 3, alignment marks 110 may be 
formed in the fabrication substrate 100 by knoWn processes, 
such as by etching one or more trenches or grooves 145 into 
the fabrication substrate 100 at selected locations thereof, as 
knoWn in the art. The alignment mark 110 may comprise a 
trench or groove 145 or multiple trenches or grooves 145 that 
are arranged in a particular spatial pattern and mutual orien 
tation, such as the exemplary pattern shoWn in FIG. 3. In 
addition to the pattern shoWn in FIG. 3, the trenches or 
grooves 145 may, of course, be arranged in alternative pat 
terns. It is also contemplated, and conventional, that multiple 
alignment marks 110 may be formed on the fabrication sub 
strate 100.An alignment mark 110 or a set of alignment marks 
110 may be formed in various locations on the fabrication 
substrate 100. For example, the alignment mark 110 or the set 
of alignment marks 110 may be formed in close proximity to 
a peripheral edge of the fabrication substrate 100. By forming 
multiple alignment marks 110 on various portions of the 
fabrication substrate 100, each alignment mark 110 is poten 
tially exposed to different processing environments. There 
fore, even if one alignment mark 110 or a set of alignment 
marks 110 is damaged, the remaining alignment marks 110 
may remain undamaged and may still be used for alignment. 
In addition, the use of multiple alignment marks 110 may 
enhance registration over the various areas of the fabrication 
substrate 100. 

[0030] A material layer 120 (see FIGS. 5A-7) may be 
formed or deposited over the fabrication substrate 100 to 
include one or more alignment marks 110, as shoWn in FIG. 
4. The material layer 120 may be deposited conformally and, 
therefore, the trenches or grooves 145 of alignment marks 
110 may translate into the material layer 120. The material 
layer 120 may comprise a metal layer, a doped semiconductor 
layer, a silicon nitride layer, a dielectric layer, or any other 
suitable layer depending on the semiconductor device fea 
tures that are ultimately to be formed therefrom. A desired 
pattern may be subsequently etched, through apertures in a 
subsequently formed photomask 130 (see FIG. 6), into the 
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material layer 120 to form the desired semiconductor device 
features. The composition of the material layer 120 is not 
essential to the present invention and, therefore, Will not be 
discussed in detail herein. 

[0031] A photoresist layer 125 is also formed on the fabri 
cation substrate 100, as shoWn in FIG. 5A. The photoresist 
layer 125 may be applied to the material layer 120, as knoWn 
in the art. For example, te photoresist layer 125 may be spin 
coated over the material layer 120. The photoresist layer 125 
may comprise a photoresist that exhibits a pattern reversal, 
such as a reversal from a positive tone to a negative tone. It is 
also contemplated that the use of a photoresist that exhibits a 
pattern reversal from a negative tone to a positive tone is 
Within the scope of the present invention. Such a photoresist 
is referred to herein as a “dual-tone” resist or photoresist. The 
dual-tone resist may produce positive or negative images 
depending on the processing conditions used to reverse the 
pattern. For example, the dual-tone resist may produce posi 
tive or negative images based on the concentration of devel 
opers used in subsequent photolithographic steps, the devel 
oper strength, development time, ?ood energy, level of 
dissolution inhibitor, softbake, and hardbake. Also, the dual 
tone photoresist may produce positive or negative images 
based on the exposure energy. For example, the pattern rever 
sal may be induced by an overexposure to energy. The use of 
such photoresists is currently preferred for practice of the 
present invention. Dual-tone resists that exhibit pattern rever 
sal upon overexposure to energy include, but are not limited 
to, M78Y and M172Y photoresists, Which are available from 
J SR Microelectronics (Sunnyvale, Calif.). 
[0032] First portions 13511 of the photoresist layer 125 as 
shoWn in broken lines may be exposed through a reticle 200 as 
shoWn in FIG. SE to a ?rst energy 202 that is suf?cient, upon 
development, to result in apertures 135 in the resulting pho 
tomask 130 (FIG. 6) to form the desired pattern of semicon 
ductor device features 155 (FIG. 4) in the material layer 120. 
A so-called “clear?eld pattern” may be de?ned in the design 
of fabrication substrate 100 to create a boundary around 
Which the semiconductor device features 155 may ultimately 
be patterned. As shoWn in FIG. 4, the clear?eld pattern 140a 
may be of a suf?cient siZe to substantially cover the alignment 
mark 110. Although the clear?eld pattern 14011 is depicted as 
a circle, the clear?eld pattern 140a may be a square or any 
other pattern of su?icient siZe to substantially cover the align 
ment mark 110. It is desirable to siZe and con?gure the 
clear?eld pattern 14011 to cover as little surface area of fabri 
cation substrate 100 as possible While still protecting align 
ment mark 110. The portion of the photoresist layer 125 
Within the clear?eld pattern 140a may be exposed, through 
the reticle 200, to a second, different energy 204 than that to 
Which the ?rst portions 13511 are exposed and Which is su?i 
cient to reverse the tone of the dual-tone resist, as shoWn in 
FIG. 5C. For example, the second energy 204 may be su?i 
cient to reverse the positive tone resist lo a negative tone. The 
portions of the photoresist layer 125 may be selectively 
exposed to the desired energy by “blading” off desired por 
tions of the reticle 200. For instance, the clear?eld pattern 
140a may be covered by a reamer blade 206 or a masking 
blade While the ?rst portions 13511 of the photoresist layer 125 
are exposed. The reamer blade 206 may then be removed to 
expose the portion of the photoresist layer 125 Within the 
clear?eld pattern 14011. The portions of the photoresist layer 
125 outside the clear?eld pattern 14011 are not exposed to the 
second energy 204 and, therefore, remain a positive tone. 
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[0033] After the different portions of the photoresist layer 
125 have been exposed to the ?rst and second energies 202, 
204 to respectively de?ne locations of apertures on the areas 
of photoresist layer 125 outside the clear?eld pattern 140a 
and to reverse the area Within the clear?eld pattern 14011 from 
a positive tone to a negative tone, the photoresist layer 125 is 
developed, as knoWn in the art, to form the photomask 130. 
Upon developing, the negative tone resist Within the clear?eld 
pattern 140a remains over the alignment mark 110 and forms 
the alignment mark mask element 140!) of the resulting pho 
tomask 130. The portions of the positive tone resist exposed 
to the ?rst energy 202 are removed by the developing, thereby 
creating the apertures 135 de?ned in the photoresist layer 125 
at the exposed locations. The apertures 135 may be formed at 
locations extending substantially up to a periphery of the 
boundary of the alignment mark mask element 1401) created 
by the clear?eld pattern 140a. Therefore, the semiconductor 
device features 155 to be formed in the material layer 120 may 
be placed substantially up to the periphery of the alignment 
mark 110. Since the alignment mark 110 remains shielded 
from etchants by the alignment mark mask element 140!) of 
the photomask 130, the semiconductor device features 155 
may be formed in the material layer 120 so as to extend 
substantially to an outer periphery of the alignment mark 110 
and abut the edge of alignment mark mask element 140b. 
[0034] After development, portions of the photomask 130 
may have varying thicknesses depending on the energy of 
radiation to Which the preceding photoresist layer 125 Was 
exposed. For instance, a portion of the photoresist layer 125 
that Was not exposed to any energy may result in a corre 
sponding area of the photomask 130 having a thickness simi 
lar to the thickness at Which the photoresist layer 125 Was 
applied. In other Words, this thickness is approximately 1 .0 or 
100%. Portions of the photoresist layer 125 that Were exposed 
to a ?rst energy may be substantially removed after develop 
ment to form apertures 135 and, therefore, the thickness of the 
photoresist layer 125 at these portions is approximately 0. 
After exposure to a higher, second energy of radiation su?i 
cient to reverse the tone of the photoresist, the thickness of 
portions of the photomask 130 that correspond to portions of 
the photoresist layer 125 that Were exposed to the second 
energy of radiation to form alignment mark mask element 
140!) may be greater than approximately 0 but less than 
approximately 1.0. For instance, these portions of tec photo 
resist layer 125 may have a thickness of about 60% (0.6) of 
the thickness of other areas of the photomask 130. 

[0035] Using the dual-tone resists previously described, 
portions of the photoresist layer 125 are selectively exposed 
(i.e., through a reticle) to a ?rst energy of approximately 6-10 
m] or greater to form a photomask 130 after development 
With apertures 135 in desired locations. The ?rst energy may, 
for example, be approximately 20 m]. The apertures 135 may 
subsequently be used to create the desired semiconductor 
device features 155 in the material layer 120 that underlies the 
photomask 130. The portion of the photoresist layer 125 
Within the clear?eld pattern 140a (i.e., over the alignment 
marks 110) is reversed to a negative tone upon exposure to a 
second energy of approximately 60 ml or greater. The second 
energy may, for example, be approximately 85 m]. Only the 
area of the photoresist layer 125 Within the clear?eld pattern 
14011 is exposed to the second energy and reversed to a nega 
tive tone. The remainder of the photoresist layer 125 is not 
exposed to the second energy and remains a positive tone. 
Following development of the selectively exposed photore 
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sist layer 125, the regions thereof that Were located Within the 
clear?eld patterns 140a and, thus, over the alignment marks 
110 become solid alignment mark mask elements 140!) of the 
resulting photomask 13 0. After development, the thickness of 
the alignment mark mask element 140!) of the photomask 130 
is approximately 60% of the thickness of the other remaining 
portions of the photomask 130. 
[0036] The photomask 130 may be used to form semicon 
ductor device features 155 from the material layer 120 on the 
fabrication substrate 100, as knoWn in the art. The photomask 
130 includes apertures 135 that are located over substantially 
the entire surface of the fabrication substrate 100. FIG. 6 
shoWs the developed photomask 130 formed over the under 
lying material layer 120 and fabrication substrate 100. In 
addition, as knoWn in the art, the photomask 130 may be a 
suf?cient siZe so that multiple semiconductor devices, at mul 
tiple semiconductor device locations 105 (e.g., over substan 
tially the entire fabrication substrate 1 00), may be patterned at 
one time. The apertures 13 of the photomask 130 formed by 
removal of portions of photoresist layer 125 exposed to the 
?rst energy are siZed, con?gured and located to facilitate 
etching of te underlying material layer 120 to produce the 
desired pattern of semiconductor device features 155 from the 
material layer 120 on the fabrication substrate 100, as shoWn 
in FIG. 7. At least one alignment mark mask element 140!) 
may be positioned to substantially shield at least one align 
ment mark 110 Without shielding portions of the material 
layer 120 that are laterally adjacent to the alignment mark 
110. These nonshielded regions of the material layer 120, 
Which may be selectively exposed through apertures 135 in 
photomask 130, are subsequently etched to produce the 
desired semiconductor device features 155. Using this pho 
tomask 130, the desired semiconductor device features 155 
may be etched in the material layer 120, if desired, substan 
tially to a peripheral edge of the alignment mark 110 because 
boundaries of the apertures 135 in the photomask 130 may 
extend substantially to the peripheral edge of the alignment 
mark mask element 140!) and expose regions of the material 
layer 120 that extend substantially adjacent to, but not over, 
the alignment mark 110. 
[0037] As previously mentioned, the alignment mark mask 
element 140!) may be positioned to substantially shield the 
alignment mark 110 Without shielding portions of the mate 
rial layer 120 that are immediately laterally adjacent to the 
alignment mark 1 10. The alignment mark mask element 140!) 
may comprise at least a solid portion of the photomask 130 
that is located over the material layer 120. 

[0038] An intermediate semiconductor device structure 
160 may be produced that comprises a fabrication substrate 
100 having at least one alignment mark 110, as shoWn in FIG. 
6. A material layer 120 may be formed over the fabrication 
substrate 100. It is also contemplated that more than one 
material layer 120 may be formed over the fabrication sub 
strate 100 depending on the integrated circuit that is to ulti 
mately be produced. A photomask 130 may be formed over 
the material layer 120. The photomask 130 includes apertures 
135 positioned across substantially the entire surface of the 
fabrication substrate 100. The apertures 135 are located and 
con?gured to facilitate etching of the underlying material 
layer 120 so that semiconductor device features 155 or por 
tions thereof may be formed. The photomask 130 also com 
prises at least one alignment mark mask element 140!) that is 
positioned so as to substantially shield areas of the material 
layer 120 located over each alignment mark 110 on the fab 
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rication substrate 100 from etchants during patterning of 
other areas of the material layer 120. Nonshielded portions of 
the material layer 120 (i.e., those areas Which are exposed 
through the apertures 135 in the photomask 130) are to be 
etched With the desired pattern of semiconductor device fea 
tures 155. The pattern of semiconductor device features 155 
may extend substantially to a peripheral edge of the alignment 
mark 110. 

[0039] A semiconductor device structure 165 comprising 
the fabrication substrate 100 and at least one semiconductor 
device feature 155 may thus be formed, as illustrated in FIG. 
7. The semiconductor device features 155 may be insulative 
structures, conductive strictures, semiconductive structures, 
or other types of structures that are typically included in 
semiconductor devices or portions of any of the foregoing, 
each of Which may be formed by patterning a material layer 
120 located over the fabrication substrate 100. The semicon 
ductor device structure 165 also comprises at least one align 
ment mark 110 formed in or located on the fabrication sub 
strate 100 and protected by alignment mark mask element 
14019. By using the dual-tone resists described above, the 
semiconductor device features 155 may be formed laterally 
closer to the alignment mark 110 than Was previously pos 
sible. Semiconductor device features 155 may abut a periph 
eral edge of the alignment mark 110. Since semiconductor 
device features 155 may be formed closer to the alignment 
mark 110 due to the presence of protective alignment mark 
mask element 140b, there is less Wasted space or real estate on 
the fabrication substrate 100. As such, additional semicon 
ductor devices may be formed on the fabrication substrate 
100 in locations Which Were conventionally “dead” or had no 
semiconductor device features 155 fabricated thereon, 
thereby increasing the overall yield of the fabrication sub 
strate 100. While at least some of the resulting, additional 
semiconductor devices may be functional, it is also contem 
plated that some of the additional semiconductor devices may 
be nonfunctional and the alignment marks placed thereon 
since there is no need When using the present invention to 
place alignment marks in open areas on fabrication substrate 
100 or at particular locations. 

[0040] Using the dual-tone resists to form alignment mark 
mask elements 140!) over the alignment marks 110 improves 
and simpli?es the process of fabricating semiconductor 
device locations 105. While dual-tone resists may initially 
have a positive tone, exposing a portion of such a dual-tone 
resist overlying the alignment mark 110 to radiation of an 
increased energy may reverse the tone in that portion to a 
negative tone resist, The alignment mark mask element 140!) 
is thus formed from the portion of negative tone resist and is 
located over the alignment mark 110. Since the alignment 
mark 110 is shielded by the alignment mark mask element 
140b, ?eld placement is no longer limited to a placement that 
provides good alignment mark cutouts. Rather, the ?elds may 
be placed on the fabrication substrate 100 to maximiZe the 
number of dice per Wafer since the semiconductor device 
features 155 may be patterned to lateral locations that extend 
substantially to locations immediately adjacent the outer 
peripheries of the alignment marks 110. This is shoWn most 
clearly by a comparison of FIG. 1 and FIG. 2, Wherein the 
latter shoWs that semiconductor device features 155 (FIG. 7) 
may be formed closer to the alignment marks 110 than is 
possible When conventional photomask-forming processes 
are used. In addition, the location of the alignment marks 110 
on the fabrication substrate 100 is more ?exible because the 
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alignment marks 110 and semiconductor device features 155 
may noW be in much closer proximity to each other. It is also 
possible to locate the alignment marks 110 in a nonfunctional 
semiconductor device location 105 as shoWn in FIG. 2. There 
fore, the yield of semiconductor devices from a fabrication 
substrate 100 of given dimensions may be improved because 
additional, functional semiconductor devices may be fabri 
cated on the fabrication substrate 1 00. In addition, the number 
of die candidates may be increased due to the substantially 
full fabrication substrate 100 coverage. 
[0041] The alignment mark mask element 140!) protects the 
alignment mark 110 from damage, such as the damage caused 
by CMP. CMP uniformity also improves through use of the 
present invention because there are no longer signi?cant open 
areas on the fabrication substrate 100 Which may be overpol 
ished or removed during CMP. In other Words, since the 
surface texture and thickness of the fabrication substrate 100 
laterally adjacent to the alignment marks 110 resembles the 
surface texture and thickness of the remainder of the fabrica 
tion substrate 100, the problems discussed above With CMP 
uniformity are reduced. In addition, registration also 
improves and results in a decreased center to edge of Wafer 
delta in terms of locational errors. This improvement largely 
shoWs up in yield, With a higher edge-die yield than With 
conventional techniques. 
[0042] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of example in the draWings and have 
been described in detail herein. HoWever, it should be under 
stood that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to cover all 
modi?cations, equivalents, and alternatives falling Within the 
spirit and scope of the invention as de?ned by the folloWing 
appended claims. 

What is claimed is: 
1. A photomask for a semiconductor device structure in 

process, comprising: 
an exposed and developed dual-tone photoresist layer com 

prising: 
a ?rst portion exhibiting a ?rst tone and having a plural 

ity of apertures formed therethrough; and 
a second portion exhibiting a second, different tone. 

2. The photomask of claim 1, Wherein the ?rst tone is 
positive and the second tone is negative. 

3. The photomask of claim 1, Wherein the ?rst portion 
exhibits a greater thickness than the second portion. 

4. An intermediate semiconductor device structure, com 
prising: 

a fabrication substrate comprising a plurality of semicon 
ductor die locations thereon; 

at least one alignment mark on the fabrication substrate; 
and 

a photomask comprising: 
an exposed and developed dual-tone photoresist layer 

comprising: 
a ?rst portion exhibiting a ?rst tone and having a 

plurality of apertures formed therethrough; and 
a second portion exhibiting a second, different tone, 

over the at least one alignment mark. 

5. The intermediate semiconductor device structure of 
claim 4, Wherein the ?rst tone is positive and the second, 
different tone, is negative. 
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6. The intermediate semiconductor device structure of 
claim 4, Wherein the ?rst portion exhibits a greater thickness 
than the second portion. 

7. A photomask for a semiconductor device structure in 
process, comprising: 

an exposed and developed dual-tone photoresist layer com 
prising: 
a ?rst portion exhibiting a ?rst tone and having a plural 

ity of apertures formed therethrough; and 
a second portion exhibiting a second, different tone, 

Wherein the second portion is positioned to substan 
tially shield only an underlying alignment mark on a 
fabrication substrate Without shielding portions of the 
underlying material adjacent to the underlying align 
ment mark. 

8. The photomask of claim 7, Wherein at least one of the 
plurality of apertures extends to a peripheral edge of the 
second port ion. 
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9. An intermediate semiconductor device structure, com 
prising: 

a fabrication substrate comprising a plurality of semicon 
ductor die locations thereon; 

at least one alignment mark on the fabrication substrate; 
and 

a photomask comprising: 
an exposed and developed dual-tone photoresist layer 

comprising: 
a ?rst portion exhibiting a ?rst tone and having a 

plurality of apertures formed therethrough; and 
a second portion exhibiting a second, different tone, 

over the at least one alignment mark, Wherein the 
second portion substantially shields the at least one 
alignment mark Without shielding portions of a 
semiconductor device feature abutting a peripheral 
edge of the at least one alignment mark. 

* * * * * 


